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Abstract

OBJECTIVES—To determine whether higher levels of inflammatory blood markers, D-dimer, and
homocysteine were associated with greater impairment in lower extremity functioning in persons
with peripheral arterial disease (PAD).

DESIGN—Cross-sectional.
SETTING—Three Chicago-area medical centers.

PARTICIPANTS—Four hundred twenty-three persons with PAD (ankle-brachial index (ABI)
<0.90).

MEASUREMENTS—Lower extremity performance was assessed using the 6-minute walk and
with usual- and fast-paced 4-m walking speed. Blood markers were D-dimer, C-reactive protein
(CRP), interleukin-6 (IL-6), soluble vascular cellular adhesion molecule-1 (sVCAM-1), soluble
intracellular adhesion molecule-1 (SICAM-1), and homocysteine. Calf muscle area was measured
using computed tomography.

RESUL TS—Adjusting for confounders, higher levels of D-dimer (P<.001), IL-6 (P<.001),
sVCAM-1 (P=.006), CRP (P=.01), homocysteine (P=.004), and sSICAM-1 (P=.046) were associated
with poorer 6-minute walk performance. Higher levels of D-dimer (P<.001), IL-6 (P=.003),
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SVCAM-1 (P=.001), and homocysteine (P=.005) were associated with slower usual-paced 4-m
walking speed. Higher levels of D-dimer, sSVCAM-1, sSICAM-1, IL-6, and homocysteine were
associated with slower fast-paced walking speed. Results were attenuated after additional adjustment
for calf muscle area.

CONCLUSION—Higher levels of inflammation and D-dimer were associated with poorer lower
extremity performance in participants with PAD, independent of confounders including ABI.
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Persons with lower extremity peripheral arterial disease (PAD) have higher inflammatory
biomarker levels, greater functional impairment, and faster functional decline than persons
without PAD. 1-3 Higher levels of inflammation are associated Wlth greater functional
impairment and faster functional decline in persons with PAD. 4,5 Reasons for these
associations are unclear, but inflammation plays a key role in the initiation and progression of
atherosclerosis.5 Additionally, inflammation may contribute to sarcopenia, an age-related
reduction in muscle strength and mass. '8 Lower muscle mass has been associated with greater
functional impairment in persons with PAD.?

It was previously reported that, in persons with PAD, higher levels of D-dimer and the
inflammatory marker C-reactive protein (CRP) were associated with poorer lower extremity
functional performance.4 In persons with PAD, higher levels of serum amyloid A and
fibrinogen were not associated with greater functional impairment.4 Associations between
other blood markers and functional performance in persons with PAD have not been tested to
the authors’ knowledge. This study determined whether, in patients with PAD, higher levels
of emerging inflammatory biomarkers, D-dimer, and homocysteine were associated with
greater functional impairment. Homocysteine was studied, because it promotes processes that
contribute to atherosclerosis, including inflammation.10 Homocysteine causes oxidative
damage to endothelial cells and proteins and affects the ability of cells to regenerate, thereby
potentially contributing to weakness and atrophy of skeletal muscle.11,12 Inflammatory
biomarkers studied were interleukin-6 (IL-6), soluble vascular cellular adhesion molecule
(sVCAM-1), and soluble intracellular adhesion molecule (SICAM-1). sVCAM-1 and sSICAM-1
were studied, because these leukocyte adhesion molecules promote inflammatory-mediated
acceleration of atherosclerosis bg enabling adherence and transendothelial migration of
leukocytes to endothelial cells.13 Associations between CRP and functional impairment and
between D-dimer and functional impairment were also studied. High levels of D-dimer indicate
activation of the coagulation system. D-dimer can also increase mflammatlon bg promoting
activation of monocytes and neutrophils and by inducing secretion of IL- 6.1 Prior work
was built on by determining whether associations between higher biomarker levels and greater
functional impairment were independent of physical activity levels and calf muscle area in
persons with PAD.

METHODS

Participant and Identification

The institutional review boards of Northwestern University Feinberg School of Medicine and
Catholic Health Partners Hospitals approved the protocol. Participants gave informed consent.
Participants included persons with PAD attendin 3g their fourth annual follow-up visit in the
Walking and Leg Circulation Study (WALCS) and participants newly identified with PAD
for the present study (WALCS II). 9 In WALCS and WALCS I, participants with PAD were
identified consecutively from among patients diagnosed with PAD in three Chicago-area
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noninvasive vascular laboratories.2:3:9 Because participants in the original WALCS cohort
were aged 59 and older at the time of this data collection, an inclusion criterion for newly
identified participants was aged 59 and older.

Of 238 PAD participants returning for their fourth annual follow-up visit for WALCS, 202
(84.7%) had blood drawn and were included in the present analyses. An additional 240
participants with PAD were newly identified for WALCS II. Of these, 221 (92.1%) had blood
drawn at their visit and were eligible for the present study.

Exclusion Criteria

PAD was defined as an ankle-brachial index (ABI) less than 0.90.35 The following exclusion
criteria were applied at the time of enrollment for WALCS and for those newly identified for
WALCS Il. Patients with dementia were excluded because of their inability to answer questions
accurately. Nursing home residents, wheelchair-bound patients, and patients with foot or leg
amputations were excluded, because they have severely impaired functioning. Non-English-
speaking patients were excluded, because investigators were not fluent in non-English
languages. Patients with recent major surgery were excluded.

ABI Measurement

The ABI was measured using established methods.2:3:16 After participants rested supine for
5 minutes, a handheld Doppler probe (Nicolet VVascular Pocket Dop I1, Golden, CO) was used
to measure systolic pressures in the right brachial artery, right dorsalis pedis and posterior tibial
arteries, left dorsalis pedis and posterior tibial arteries, and left brachial artery. Each pressure
was measured twice: in the order listed and then in reverse order. The ABI was calculated in
each Ieg by dividing average pressures in each leg by the average of the four brachial pressures.
2391 Average brachial pressures in the arm with highest pressure were used when one
brachial pressure was higher than the other in both measurement sets and the two brachial
pressures differed by 10 mmHg or more in at least one measurement set, because in such cases,
subclavian stenosis was possible.17 The lowest leg ABI was used in analyses.

Six-Minute Walk

Following a standardized protocol,z'5 participants walk up and down a 100-foot hallway for
6 minutes after instructions to cover as much distance as possible.

Four-Meter Walking Velocity

Walking velocity was measured during a 4-m walk performed at “usual” and “fastest” pace.
For the usual-paced walk, participants were instructed to walk at their usual pace, “as if going
down the street to the store.” Each walk was performed twice. The faster walk in each pair was
used in analyses.18

Objective Physical Activity Measures

Physical activity levels were measured objectively over 7 days using a vertical accelerometer
(Caltrac, Muscle Dynamics Fitness Network, Inc., Torrence, CA).1 20 The Caltrac
accelerometers are designed to calculate the number of kilocalories expended based on activity
(vertical movement), age, weight, height, and sex. To compare activity between participants
irrespective of individual variation in age, weight, height, and sex, accelerometers were
programmed using identical weight, height, azge, and sex for each participant.lgl20 Thus, the
accelerometers measured “activity units.”19:20 After wearing activity monitors continuously
for 7 days, participants reported the number of activity units displayed on the accelerometer
over the telephone and mailed their activity monitors back to the investigators.
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Sixty percent of participants wore Caltrac activity monitors. Systematic data on reasons that
some participants did not wear monitors were not collected. Some refused to wear monitors,
others wore monitors but did not return them and could not be reached at 7-day follow-up,
some participants” monitors malfunctioned, and in some instances no monitors were available.

Blood Collection and Storage

Blood was collected into ethylenediaminetetraacetic acid and sodium citrate Vacutainer tubes
(Becton Dickinson, Franklin Lakes, NJ) and immediately iced. Tubes were spun at 3,000
revolutions per minute for 20 minutes at 4°C in a refrigerated centrifuge. Blood was stored at
-70°C until analyses were completed. Most, but not all, blood collection occurred in the
morning.

Blood Factor Levels

IL-6 was measured using an ultrasensitive enzyme-linked immunosorbent assay (ELISA)
(R&D Systems, Minneapolis, MN). The assay has a sensitivity of 0.094 pg/mL. The percentage
coefficient of variation (CV%) in a randomly selected subsample from the cohort was 4.2%.
SICAM-1 and sVCAM-1 were measured using ELISAs (R&D Systems). CV% values were
4.3% for SICAM-1 and 5.6% for sVCAM-1. An Asserachrom D-Di kit (Diagnostica Stago,
Parsippany, NJ) was used to measure fibrin D-dimer, using an ELISA procedure. The
Asserachrom D-Di kit has a lower detection limit of 5 ng/mL. The CV% for D-dimer was 7.2%.
Concentrations of high-sensitivity CRP were determined using an immunoturbidimetric assay
on the Hitachi 911 analyzer (Roche Diagnostics, Indianapolis, IN), using reagents and
calibrators from Denka Seiken (Niigata, Japan). This assay has a sensitivity of 0.003 mg/dL.
The CV% for CRP was 2.1%. The concentration of homocysteine was determined using an
enzymatic assay on the Hitachi 917 analyzer (Roche Diagnostics), using reagents and
calibrators from Catch Inc. (Seattle, WA). The CV% for homocysteine was 6.9%.

Measuring Calf Muscle Characteristics

Using a computed tomography scanner (LightSpeed, General Electric Medical Systems,
Waukesha, WI), a 2.5-mm cross-sectional image of the calves was obtained at 66.7% of the
distance from the distal to the proximal tibia.9 BonAlyse software (BonAlyse LTD, Jyvaskyla,
Finland) was used to measure the muscle area of the calf. The muscle outline was traced
manually and excluded subcutaneous fat and bone. When measuring muscle area, the BonAlyse
software quantifies voxels within a range corresponding to muscle density (9-271 mg/cm?3)
and excludes voxels corresponding to fat density (-270 to 8 mg/cm?3). Previous cadaver studies
have demonstrated that these methods provide an estimate of muscle area that is highly
correlated with direct anatomic measures.

Leg Symptoms

Leg symptoms were classified into one of five groups using the San Diego Claudication
Questionnaire as follows:22 intermittent claudication; leg pain on exertion and rest; atypical
exertional leg pain, carry on; atypical exertional leg pain, stop; asymptomatic.

Comorbidities

Algorithms developed for the Women’s Health and Aging Study and the Cardiovascular Health
Study were used to document comorbidities, combining data from patient report, physical
examination, medical record review, medications, laboratory values, and a primary care
physician questionnaire.23 Comorbidities assessed were angina pectoris, diabetes mellitus,
myocardial infarction, stroke, heart failure, spinal stenosis, and disk disease. American College
of Rheumatology criteria were used to adjudicate knee and hip osteoarthritis. 2425
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Other Measures

Height and weight were measured at the study visit. Body mass index was calculated as weight
(kg)/(height (m))2. Cigarette smoking history was based on self-report. Creatinine clearance
was calculated using serum creatinine levels and the Modification of Diet in Renal Disease
equation.26

Statistical Analyses

The associations between quartiles of each blood marker and lower extremity performance
were evaluated using analyses of covariance, adjusting for age, sex, race, cigarette smoking,
body mass index (BMI), leg symptoms, recruitment cohort (original WALCS vs newly
identified), and comorbidities. Comorbidities adjusted for were knee arthritis, hip arthritis,
spinal stenosis, disk disease, diabetes mellitus, pulmonary disease, cancer, and other
cardiovascular diseases (myocardial infarction, angina pectoris, heart failure, and stroke).
Associations of D-dimer and homocysteine were additionally adjusted for creatinine clearance,
because impaired renal function can increase levels of D-dimer and homocysteine. The fully
adjusted analysis of covariance was repeated, adding all blood markers into one model to
determine whether any biomarkers were significantly associated with functional performance
after adjustment for all biomarkers simultaneously. Associations between each biomarker and
lower extremity performance were repeated after additional adjustment for calf muscle area
and physical activity level. The purpose of these latter analyses was to determine whether
significant associations between biomarker levels and lower extremity functioning were
independent of calf muscle area and physical activity. Statistical analyses were performed using
SAS Statistical Software version 9.0 (SAS Institute, Inc., Cary, NC).

RESULTS

The average age of the 423 participants with PAD was 74.9 + 8.2. Forty-six percent were
women, 16.6% were African American, 32.4% had diabetes mellitus, 16.3% were current
smokers, and 58.6% had other clinically evident cardiovascular disease. The average ABI was
0.63 £ 0.01. Twenty-five percent had symptoms of intermittent claudication, and 23.52% were
asymptomatic.

Correlation coefficients between age and biomarker levels were -0.041 for CRP, 0.121 for D-
dimer, 0.297 for sVCAM-1, -0.016 for sICAM-1, 0.100 for IL-6, and 0.132 for homocysteine.

Figure 1 shows associations between quartiles of each biomarker and 6-minute walk
performance, adjusting for age, sex, race, smoking, BMI, recruitment cohort, leg symptoms,
ABI, comorbidities, and creatinine clearance (D-dimer and homocysteine only). Higher levels
of D-dimer, CRP, IL-6, sVCAM-1, sICAM-1, and homocysteine were associated with poorer
6-minute walk performance, adjusting for confounders (Figure 1).

Figure 2 shows associations between biomarker quartiles and usual-paced 4-m walking
velocity, adjusting for known and potential confounders. Higher levels of IL-6, D-dimer,
sVCAM-1, sICAM-1, and homocysteine were associated significantly and independently with
slower usual-paced 4-m walking velocity, adjusting for confounders. Findings for associations
between blood markers and fast-paced 4-m walking speed were similar to those shown for
usual-paced walking speed. Higher levels of IL-6 (P=.002), D-dimer (P<.001), sVCAM-1
(P<.001), sSICAM-1 (P=.03), and homocysteine (P=.002) were associated significantly and
independently with slower fast-paced 4-m walking speed (data not shown).

Within the subset of participants who wore Caltrac accelerometers, associations between
higher biomarker levels and poorer functional performance were not substantially changed
after additional adjustment for physical activity levels (data not shown).
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To determine whether associations between higher biomarker levels and greater functional
impairment were independent of associations between higher biomarker levels and smaller calf
muscle area, comparisons between biomarker levels and functional performance were repeated
with additional adjustment for calf muscle area. Table 1 presents results of these associations.
After additional adjustment for calf muscle area, associations between higher levels of CRP
and sICAM-1 and poorer 6-minute walk performance were no longer statistically significant
(Table 1). Levels of statistical significance for associations between sVCAM-1, IL-6,
homocysteine, and D-dimer and 6-minute walk performance (Figure 1) were somewhat
attenuated but remained statistically significant after additional adjustment for calf muscle area
(Table 1). Significant associations between IL-6 and sSICAM-1 and normal-paced 4-m walking
speed (Figure 2) were no longer statistically significant after additional adjustment for calf
muscle area (Table 1). The significant associations between D-dimer and sVCAM-1 and
normal-paced 4-m walking speed (Figure 2) were attenuated after additional adjustment for
calf muscle area (Table 1). Independent associations between D-dimer and sSICAM-1 and fast-
paced 4-m walking speed were no longer statistically significant after additional adjustment
for calf muscle area. The association between IL-6 and fast-paced 4-m walking speed was
attenuated after additional adjustment for calf muscle area (Table 1).

Comparisons between biomarkers and lower extremity functioning were repeated, in which all
biomarkers were entered into one model. Adjusting for age, sex, race, smoking, BMI,
recruitment cohort, leg symptoms, ABI, comorbidities, creatinine clearance, and all blood
markers simultaneously, homocysteine remained significantly and independently associated
with 6-minute walk performance (P trend=.001), usual-paced 4-m walking speed (P trend<.
001), and fast-paced 4-m walking speed (P trend=.001). In these analyses, sVCAM-1 was
associated significantly with 6-minute walk performance (P trend=.047) and fast-paced 4-m
walking speed (P trend=.001).

DISCUSSION

In 423 men and women with PAD, results reported here show that higher levels of sVCAM-1,
IL-6, homocysteine, SICAM-1, and D-dimer were associated with poorer performance on the
6-minute walk and usual- and fast-paced 4-m walks, after adjusting for confounders, including
ABI. In contrast, higher levels of CRP were associated only with poorer 6-minute walk
performance in participants with PAD. In analyses adjusting for all blood markers
simultaneously, homocysteine and sVCAM-1 remained significantly and independently
associated with the degree of functional impairment on multiple outcome assessments. Thus,
associations between homocysteine and sVCAM-1 and lower extremity performance are more
robust than the other markers studied in persons with PAD.

Previously published data from 423 participants with PAD in the WALCS Il cohort
demonstrated that higher levels of IL-6, D-dimer, CRP, and sVCAM-1 are associated with
smaller calf muscle area, as measured using comfuted tomography, even after adjusting for
confounders including level of physical activity. A previous study also demonstrated that
smaller calf muscle area is associated with poorer lower extremity performance in persons with
PAD.9 In the present study, after additional adjustment for calf muscle area, most significant
associations between higher biomarker levels and greater functional impairment were no longer
statistically significant or were attenuated. Therefore, a potential causal pathway for
associations between high biomarkers and greater functional impairment is that high biomarker
levels may lead to smaller calf muscle area, which in turn is associated with greater functional
impairment in persons with PAD.9 Consistent with this hypothesis, prior studies have
suggested that inflammatory cytokines alter muscle homeostasis by inhibiting repair after tissue
injury and by promoting muscle proteoly5i5.7v8 Alternatively, higher biomarker levels may be
more precise measures of the extent of systemic atherosclerosis than other measures, such as
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ABI. The extent of systemic atherosclerosis may be an important determinant of the degree of
functional impairment in PAD. This latter mechanism of association may be most pertinent to
associations between D-dimer and the degree of functional impairment, because D-dimer may
be a systemic measure of the degree of atherosclerotic burden.

Despite the findings that high levels of CRP were associated independently with poorer
performance on only one measure of lower extremity functioning, a prior study showed that
higher CRP levels at baseline were associated with greater risk for developing PAD in
community-dwelling persons in the Physician’s Health Study.28 In addition, of 1,572
community dwelling men and women in the Edinburgh Artery Study, higher levels of CRP,
SICAM-1, and IL-6, but not higgher levels of sVCAM-1, were associated with greater decline
in ABI at 10-year foIIow—up.2 Together, these data suggest that some inflammatory markers
(e.g., CRP) may be more important for the development of PAD in individuals without PAD,
whereas other biomarkers (e.g., sSVCAM-1) may be involved in adverse outcomes in persons
with established PAD.

This study has limitations. First, the study design was cross-sectional. Associations reported
here might not be causal. Second, biomarkers were measured just once, and not all blood
samples were collected in the morning. Diurnal variation, analytical factors, and other
biological properties can influence biomarker levels. Third, findings may not be generalizable
to the individuals who met the exclusion criteria. Fourth, only 60% of participants had Caltrac
accelerometer data. Finally, most study participants were Caucasian.

CONCLUSION

This study suggests that high levels of IL-6, sSVCAM-1, D-dimer, SICAM-1, and homocysteine
are associated with greater functional impairment in persons with PAD. Lower calf muscle
mass in persons with PAD with higher levels of these blood markers may contribute to
associations between higher blood marker levels and greater functional impairment in persons
with PAD. Further longitudinal study is needed to determine the causal pathways for the
findings reported here.
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Figure 1.

D-dimer
Quartiles

Homocysteine

Adjusted associations between blood marker quartiles and 6-minute walk performance in
participants with lower extremity peripheral arterial disease (n=423). Data are adjusted for age,
sex, race, cigarette smoking, body mass index, ankle-brachial index, leg symptoms, recruitment
cohort, comorbidities, and creatinine clearance (for D-dimer and homocysteine only).
Comorbidities adjusted for were knee arthritis, hip arthritis, spinal stenosis, disk disease,
diabetes mellitus, cancer, pulmonary disease, and other cardiovascular diseases (myocardial
infarction, stroke, angina pectoris, and heart failure). IL-6=interleukin 6; CRP=C-reactive
protein; sVCAM-1=soluble vascular cellular adhesion molecule-1; sSICAM-1=soluble

intracellular adhesion molecule-1.
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Adjusted associations between blood factor quartiles and 4-m walking speed (usual pace) in
participants with lower extremity peripheral arterial disease (n=423). Data are adjusted for age,
sex, race, cigarette smoking, body mass index, leg symptoms, ankle-brachial index, recruitment
cohort, comorbidities, and creatinine clearance (for D-dimer and homocysteine only).
Comorbidities adjusted for were knee arthritis, hip arthritis, spinal stenosis, disk disease,
diabetes mellitus, cancer, pulmonary disease, and other cardiovascular diseases (myocardial
infarction, stroke, angina pectoris, and heart failure). IL-6=interleukin 6; CRP=C-reactive
protein; sSVCAM-1=soluble vascular cellular adhesion molecule-1; sSICAM-1=soluble
intracellular adhesion molecule-1.
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